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(57) Abstract 

A secure bus apparatus and method are provided comprising an electrically conductive bus (10) with at least two electrical power 
sources (12, 15) and at least one electrical load (18). At least three fast circuit breakers (14, 17, 20, 23) are connected to the electrically 
conductive bus for connecting the at least two electrical power sources and the at least one electrical load to the electrical conductive bus 
and for operating within one cycle to interrupt fault currents. This assures that a secure voltage is supplied to the at least one electrical 
load which is connected to the electrically conductive bus. 
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SECURE VOLTAGE BUS 

FIELD OF THE INVENTION 

The present invention generally relates to electrical utility system buses, and, more 
specifically, to an apparatus and method for providing buses which maintain a generally 
constant voltage to its loads. This invention was made with Government support under 
Contract No. W-7405-ENG-36 awarded by the U.S. Department of Energy. The 
Government has certain rights in the invention. 

Electrical utility systems are encountering requirements to provide extremely stable 
voltages to some of its customers. Currently, the number of electrical loads served by an 
electric utility which demand such stable electrical supplies is growing, due to the 
increasing sophistication of many manufacturing processes. Unstable electrical supplies 
can shut down the manufacturing process, resulting in costly lost production. It has been 
estimated that a voltage sag of more than 10-15%, which lasts for a few cycles, could cause 
millions of dollars in lost revenue to a company involved in the manufacture of 
semiconductors. 

The electrical utilities generally refer to a stable electrical supply to such a company as 
"quality power," meaning a voltage or power source which is at all times available, within a 
narrow tolerance range, regardless of what faults or outages might occur in the surrounding 
electrical system. For example, a utility considers quality power to be when the voltage at a 
bus providing power to a customer remains within ±10-1 5% of its nominal value, even if an 
outage or short circuit occurs on the line feeding the bus. This ±10-15% voltage 
fluctuation is considered acceptable even for sensitive customer loads. 

The stability and security of an electrical bus voltage is affected by two major sources 
of disturbances: a short circuit within the system and the loss of power generation. A loss 
of generation will cause the bus voltage to collapse to zero, and a short circuit will cause 
the voltage to drop to a value which is dependent on the location of the short circuit with 
respect to the bus. The closer, electrically, the short is to the bus, the greater will be the 
voltage sag. Either of these possibilities can easily cause the voltage at the bus to sag 
below the 10-15% requirement for sensitive loads. 

Utility systems currently use either mechanical breakers, or fast interrupting fuses to 
protect against short circuits. The mechanical breakers require three to five cycles (50 to 83 



WO 98/09359 PCT/US97/15065 

2 

ms) to open, in addition to about one cycle for the fault detection by relays. This period is 
long enough to allow the voltage to sag to a level which will be sufficiently low to trip 
sensitive loads. The fast interrupting fuses interrupt a fault current in less than a cycle, but 
cannot be restored immediately, because replacement of the associated fuse requires time 
5 and labor. 

In a copending U.S. Patent application entitled Fault Current Limiter and Alternating 
Current Circuit Breaker, filed May 8, 1996, and bearing serial number 08/646,836, the 
applicant herein disclosed a current limiter and ac circuit breaker which can operate within 
one cycle. The circuit breaker also is capable of limiting the short circuit current and the 
,o voltage sag within the first cycle after a fault. Because this invention operates so quickly, 
it, as well as other fast circuit breakers, can form a part of the present invention, allowing it 
to perform its intended function. 

Jt is therefore an object of the present invention to provide an electrical bus for use at 
voltage levels of 12-1 5 kV or lower which can provide a secure voltage which will remain 
1 5 within 1 0- 1 5% of its nominal value. 

It is another object of the present invention to provide electrical bus apparatus which is 
not materially affected by short circuits or other fault conditions in the circuits attached to 
the electrical bus apparatus. 

Additional objects, advantages and novel features of the invention will be set forth in 
20 part in the description which follows, and in part will become apparent to those skilled in 
the art upon examination of the following or may be learned by practice of the invention. 
The objects and advantages of the invention may be realized and attained by means of the 
instrumentalities and combinations particularly pointed out in the appended claims. 

ST IMMARY OF THE INVENTION 
25 To achieve the foregoing and other objects, a secure bus apparatus comprises an 

electrically conductive bus with at least two electrical power sources, and at least one 
electrical load. At least three fast circuit breaker means are connected to the electrically 
conductive bus for connecting the at least two electrical power sources and the at least one 
electrical load to the electrically conductive bus and for operating within one ( 1 ) cycle to 
30 interrupt fault currents. This assures that a secure voltage is supplied to the at least one 
electrical load. 
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In a further aspect of the present invention, a method of providing a secure electrical 
bus comprises the steps of providing an electrical bus; 

connecting at least two electrical power sources to the electrical bus through at least 
one fast circuit breaker; and connecting at least one electrical load to the electrical bus 
5 through at least one fast circuit breaker. 

BRIEF DESCRIPTION OF THE DRAWINGS 
The accompanying drawings, which are incorporated in and form a part of the 
specification, illustrate the embodiments of the present invention and, together with the 
description, serve to explain the principles of the invention. In the drawings: 
10 FIGURE 1 is a schematical illustration of an embodiment of the present invention in 

which a bus is connected to two sources of electrical power and two loads through fast 
circuit breakers. 

FIGURE 2 is a schematical illustration of another embodiment of the present invention 
in which an independent energy source is connected to the bus, in this case, a 
1 5 superconducting magnetic energy storage system. 

FIGURE 3 is a schematical illustration of a fast acting fuse installed between the 
bus and the fast circuit breaker for fault protection purposes. 

DETAILED DESCRIPTION 
The present invention provides a secure electrical bus applicable for substation class 
20 medium voltages (12-15 k V) or lower through the application of components to a bus 

which allow for the provision of stable electrical power to critical loads. The invention can 
be understood most easily through reference to the drawings. 

In Figure 1, an embodiment of secure bus K) according to the present invention is 
schematically illustrated. As shown bus ii is primarily powered by electrical source \2 
25 through transmission line 13, and the associated impedances, Z s 12a and Z L J3a, and fast 
circuit breaker 14. Z s 12a represents the internal impedance of electrical source 12, and Z L 
13a represents the inherent impedance of transmission line 13. 

Secondary electrical source 15 is also connected to bus J_L, representing any of 
numerous sources of electrical power as will be hereinafter described. Secondary electrical 
30 source 15 is connected to bus J_L through its internal impedance, Zss 15a, transmission line 
16 and its inherent impedance, Z SL 16a, and fast circuit breaker 17, 
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Load 18 is connected to bus U through transmission line 19 and its inherent 
impedance, Z LI 19a, conventional breaker or disconnect 19b. and fast circuit breaker 20. 
Likewise, load 21 is connected to bus U through transmission line 22 and its inherent 
impedance, Z,, 22a, conventional breaker or disconnect 22b, and through fast circuit 
breaker 23. Although Figure 1 illustrates only two loads 18, 21 for clarity, an actual bus 
U could have only one or many more loads, all of which would be connected as is 

illustrated for loads 18, 2L 

Fast circuit breakers 14, 17, 20 and 21 should be capable of isolating a short circuit 
within I cycle. The invention disclosed in the above-described copending patent 
application can operate this quickly. This breaker is able to operate this quickly through a 
novel connection of thyristors and large inductors for actually diverting fault current 
through the inductors in the manner disclosed in the copending patent application. 
Additionally, fast circuit breakers manufactured by WESTINGHOUSE® and others also 
can be used if they meet this requirement. It is this ability of fast circuit breakers 16, 19, 
and 22 to isolate a fault in less than one cycle, not allowing the voltage of the bus to drop 
below an allowable range, that allows the present invention to provide a secure bus 10. 

Figure 2 illustrates a similar arrangement in which an independent energy source 24 is 
employed in place of secondary energy source 1£, transmission line 16, the impedances 
J5a, 16a, and fast circuit breaker 17. The removal of the transmission line and fast circuit 
breaker is allowed because any independent energy source 24 would be located in close 
proximity to bus U.. 

The use of some type of independent energy source 24 located at the site of bus U 
often will be required for operation of the present invention, because, with the complex 
interconnected power systems currently in place, an independent, conventional secondary 
energy source 18 could be difficult to obtain. Independent energy source 24 must be 
capable of storing a substantial quantity of electrical energy and of delivering that energy to 
bus U quickly on demand. Examples of appropriate independent energy sources 24 
include inertia!, capacitive, magnetic, battery, or other storage methods. Each of these 
energy storage methods has its own advantages and disadvantages for particular 
applications, resulting from particular energy and power requirements. 

Capacitive energy storage has certain advantages in the high power, short duration 
application with energies in the 1 to 10 MJ range using computer-grade aluminum 
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electrolytic or high energy density, self-healing capacitors. These capacitors used in a 
capacitive storage system have a long life expectancy, are completely static, and operate at 
room temperatures. They also arc extremely efficient, and lose only a small amount of 
charge over a relatively long period of time. Appropriate conventional power conversion 

5 equipment would be required with this system to convert the capacitor output to the 
alternating current required for bus U. 

Another appropriate independent energy source 24 could be a superconducting 
magnetic energy system (SMES). A SMES unit typically can provide approximately 
several hundred MJ. Of course, these systems require cryogenic systems to cool the 

10 superconducting coils, rendering them more complex and expensive than the capacitive 
storage systems, but, nonetheless, they are attractive for higher power installations. 

Banks of batteries or inertial power sources can also be used if appropriate for the 
particular. With batteries, a trickle charge obtained from the power grid would keep the 
batteries charged until they would be needed to provide a short burst of electrical power to 

1 5 bus JI- As with the above-described capacitive system, conventional power conversion 
equipment would be required to convert the direct current of the batteries to the alternating 
current required for bus U. 

Somewhat similarly, the power grid could keep an inertial source rotating until a fault 
causes the power grid to be disconnected and power to be provided from the inertial source 

20 to bus J_l for a short period of time. 

With inertial systems, the power grid would provide the necessary power to get the high 
mass system to its design rotational speed. Once this speed is attained, the input power can 
be cut back to a point which maintains that speed by compensating for frictional losses. 
Upon the occurrence of a power outage or a fault on transmission line Z L 13a, the 

25 power grid is disconnected and power is provided from the inertial system to maintain the 
voltage on bus JI until the affected fast circuit breaker U operates to interrupt the fault 
current or until the power from source 12 is restored. Once again, as with the capacitive 
and battery systems, the inertial system also requires conventional power conversion 
equipment to convert the inertial system output to the alternating current required for bus 

30 U. 

For a fault on transmission line Z, J3a, it is fast circuit breaker 14 which enables the 
present invention to require only the brief provision of electrical power either from 
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secondary electrical source 15 or independent energy source 24. The fact that fast circuit 
breaker ]4 operates within one cycle of the occurrence of a fault and extinguishes the fault 
current means that independent energy source 24 only will need to provide power to bus Ji 
for that short period of time. 

5 For the system illustrated in Figure 1 , the voltage of bus U remains within the 

allowable tolerance range of 10-15%, even if short circuits occur on transmission lines 13, 
16, J9 or 22, or within loads J8, 2L or source 12. This is due to the extremely fast 
operation of fast circuit breakers 14, 20, 23 . 

Fast circuit breakers J4> J7, 20 and 23 must be capable of interrupting fault current 

1 o flow within one cycle. At the present time there are only a few such breakers. One such 
breaker is made by WESTINGHOUSE® and is a solid state device which is reported to 
interrupt current flow in approximately one quarter (V4) cycle. This breaker utilizes a pair 
of anti-parallel gatc-turn-off thyristors, which inherently limit the current rating of the 
breaker. 

1 5 Another breaker, which still is in the experimental range, employs a new 

semiconductor, known as a MTO, which is a cross between a transistor and a thyristor, 
having the ability to interrupt currents. This breaker should also have a short interrupt lime, 
but is likely also to be limited in the amount of current it can interrupt. 

Currently, the best choice as a fast circuit breaker 14 is the breaker disclosed in the 

20 above-described patent application. The fault current interrupter disclosed therein has a 
high current interrupt rating, and can interrupt the fault current in less than one (1) cycle. 

The embodiments of the present invention, as illustrated in Figures 1 and 2, do not 
represent the concept of an uninterruptible power supply (UPS), which serves to protect 
only against power source outages by providing a secondary power source. The present 

25 invention does accomplish this function of a UPS, but, in addition, protects against short 
circuits on bus U, as well as faults on transmission lines .13, 16, and transmission lines 19, 
22, all the while maintaining the voltage at bus U within ±10-15% of its rated value. If fast 
circuit breakers J4> 12, 20, and 23 are the fault current interrupters disclosed in the above- 
described patent application, and a fault occurs, fast circuit breakers 14, 17, 20 and/or 23 

30 will operate within less than one cycle to reduce the current in the affected transmission line 
to an extremely small value (essentially zero)restoring the voltage at bus JJ_ to its original 
value. During the one cycle opening time of fast circuit breakers U, 17, 20, and 23, an 
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inductor is inserted into the current path, limiting the voltage drop. Effectively, this means 
that a fault at any load location would cause the affected fast circuit breaker 20 or 23 to 
operate, replacing the load with the inductance of the fault current interrupter fast circuit 
breaker 20 or 23. Therefore, with respect to bus II the load, for all practical purposes, 
5 does not change. 

In the unlikely event that a fast circuit breaker .14, 12, 20 or 23 should fail, a fast acting 
fuse 31 could be installed between each fast circuit breaker 14, 17, 20 and 23 and bus U, as 
illustrated in Figure 3. The action of fast acting fuse 31, would disconnect the branch 
circuit with the malfunctioning fast circuit breaker J4, J_7, 20, or 23. Of course, fast acting 

I o fuse 31 would totally disconnect the affected line from bus H, but other connected loads 
would still be served by bus U. 

The foregoing description of the preferred embodiments of the invention have been 
presented for purposes of illustration and description. It is not intended to be exhaustive or 
to limit the invention to the precise form disclosed, and obviously many modifications and 

15 variations are possible in light of the above teaching. The embodiments were chosen and 
described in order to best explain the principles of the invention and its practical application 
to thereby enable others skilled in the art to best utilize the invention in various 
embodiments and with various modifications as are suited to the particular use 
contemplated. It is intended that the scope of the invention be defined by the claims 

20 appended hereto. 
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WHAT IS CLAIMED IS: 

1 A secure bus apparatus for use at substation class medium voltages and lower 

comprising: 

an electrically conductive bus; 

at least two electrical power sources; 

at least one electrical load; 

at least three fast circuit breaker means connected to said electrically conductive bus 
for connecting said at least two electrical power sources and said at least one electrical load 
to said electrically conductive bus and for operating within one (1 ) cycle to interrupt fault 
currents; 

wherein a secure voltage is supplied to said at least one electrical load. 

2. The secure electrical bus as described in Claim 1 , wherein said at least three fast 
circuit breakers comprise at least three fault current interrupters. 

3. The secure electrical bus as described in Claim 1 , wherein said at least two 
electrical power sources comprise two conventional electrical generators. 

4. The secure electrical bus as described in Claim 1 , wherein said at least two 
electrical power sources comprise a conventional electrical generator and an independent 

electrical power source. 

5 The secure electrical bus as described in Claim 4, wherein said independent 
electrical power source comprises a superconducting magnetic energy source. 

6. The secure electrical bus as described in Claim 4, wherein said independent 
electrical power source comprises a bank of capacitors connected to power conversion 
equipment. 

7. The secure electrical bus as described in Claim 4, wherein said independent 
electrical power source comprises a bank of batteries connected to power conversion 
equipment. 

8. The secure electrical bus as described in Claim 4, wherein said independent 
electrical power source comprises an inertial energy storage system connected to power 

conversion equipment. 

9. The secure electrical bus as described in Claim 1 , wherein said at least one 

electrical load comprises one electrical load. 

1 0. A method of providing a secure electrical bus comprising the steps of: 
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providing an electrical bus; 

connecting at least two electrical power sources to said electrical bus through at least 

one fast circuit breaker; 

connecting at least one electrical load to said electrical bus through at least one fast 
circuit breaker. 
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